In this paper we calculate the interfacial resistances to heat and mass transfer through a liquidvapor interface in a binary mixture. We use two methods, the direct calculation from the actual nonequilibrium solution and integral relations, derived earlier. We verify, that integral relations, being a relatively faster and cheaper method, indeed gives the same results as the direct processing of a nonequilibrium solution. Furthermore we compare the absolute values of the interfacial resistances with the ones obtained from kinetic theory. Matching the diagonal resistances for the binary mixture we find that kinetic theory underestimates the cross coefficients. The heat of transfer is as a consequence correspondingly larger.
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I. INTRODUCTION
A number of different methods have been used to obtain the surface transfer coefficients for one-component systems: experiments [21] [22] [23] [24] , molecular dynamic simulations [25] [26] [27] [28] [29] , kinetic theory [30] [31] [32] [33] . In a paper coauthored by one of us [34] the interfacial transfer coefficients were calculated with the square gradient theory for a one-component system, and compared to the data in the above references. Even for one-component systems the database of interfacial transfer coefficients is poor and these data are pretty scattered. The situation is even worse for mixtures. There are only few experiments available [23, 24] at a very restrictive range of conditions, i.e. for instance, at infinite dilution. No molecular dynamic simulations are available yet. The only source of values of interfacial coefficients is kinetic theory [32, 33] . This theory is most appropriate for short range potentials and low density gases. There is evidence from molecular dynamic simulations for one-component systems for longer range potentials [29] that the coupling transfer resistivities for liquid-vapor interfaces of real fluids are substantially larger than those predicted by kinetic theory.
It is the aim of this article to determine the heat and mass transfer resistances of the interfacial region. The values of these transfer coefficients, or even their order of magnitude, are extremely important for industrial processes which involve evaporation and/or condensation of mixtures. Among these processes is, for instance, distillation, when one needs to separate components with different volatilities. As this involves evaporation and/or condensation repeatedly many times, it is very important to know the exact effect of the surface. Some values of the interfacial transfer coefficients may favor transport of a component, while other values may not. Of particular interest are the values of the cross coefficients, which contribute to reversible transport, and which are in most descriptions neglected [35] .
We will verify that integral relations, derived in [36] give the same values of resistances, obtained directly from a non-equilibrium numerical solution. The numerical solution is obtained using the non-equilibrium square gradient model [37] . It is desirable to compare our predictions with other methods, in particular molecular simulations and experiments. Such data are not available yet, however, and we will therefore use the predictions of kinetic theory to compare with.
In our approach we use the local resistivity profiles. The values of the local resistivities in the liquid and the vapor phases are chosen on the basis of experimental values. In the interfacial region there are small peaks in these resistivities. The results of molecular dynamics simulations [28] support the existence of such peaks in the local resistivities in the interfacial region. The amplitudes, being the adjustable parameters, control the magnitude of these peaks. The square gradient approach gives a natural tool to incorporate these peak in the theory. Possible values of these amplitudes are found by matching the diagonal transfer coefficients to values predicted by kinetic theory. Using these amplitudes we find that the value of the cross resistivities is 1-2 orders of magnitude higher then the one from kinetic theory. The results indicate that kinetic theory underestimates the interfacial transfer coefficients in real fluids. One of them even has a different sign.
Consider a planar interface between a liquid and a vapor of a mixture through which there is evaporation or condensation. The mixture is in a box with gravity g directed along the x-axis from left to right. The gas phase is therefore in the left part of the box and the liquid is in the right part. Due to evaporation or condensation there exists a mass flux J ξi of component i, which is equal to the mass of component i transferred through a unit surface area per unit of time. Furthermore, there exists the total energy flux J e , which is defined similarly. In stationary conditions these fluxes are constants (independent of x). A surface can be described by Gibbs excess properties. We refer to [36] and [37] for an explanation how these quantities can be introduced in non-equilibrium. Due to non-equilibrium conditions the temperature and the chemical potentials of the components are not the same in the liquid and in the gas phases. Let T ℓ and T g be the extrapolated temperatures of these phases at the surface. The exact position of the dividing surface is irrelevant for the following analysis. Furthermore, let µ ℓ i and µ g i similarly be the extrapolated chemical potentials of the i-th component at the surface.
The paper is organized as follows. In Sec.
[II] we discuss the different forms of the excess entropy production of the interface and introduce interfacial resistances. Sec. [III] gives the overview of the expressions for these coefficients predicted from kinetic theory. We further build a procedure to determine the actual values of these resistances directly from a non-equilibrium numerical solution in Sec.
[IV] and from integral relations, which use only equilibrium profiles in Sec. [V] . We compare the predictions of all three methods in Sec. [VI] and discuss the results in Sec. [VII] .
II. EXCESS ENTROPY PRODUCTION
In a previous paper [36] we have obtained the following relation for the excess entropy production for the Gibbs surface in case of transport through the interface where
The resulting linear force-flux relations are
(II. 8) or in the matrix notation
we have
10)
The resistance matrix R g satisfies the Onsager reciprocal relations, i.e. R q . The resulting resistance matrix R ℓ differs from R g . We refer to [35] for the details of the alternative procedure.
III. KINETIC THEORY
According to [35, p. 180 ] kinetic theory gives the following expressions for the surface transport coefficients for a two component mixture
where
where R is the universal gas constant, λ i and c g i are the thermal conductivity and the gas coexistence concentration of the i-th component respectively. σ i is the condensation coefficient of the i-th component, which are parameters in this theory, and δ ij is the Kroneker symbol. Furthermore, M i , the molar mass of component i, appears in Eq. (III.2) to adopt the molar transfer coefficients used in [35] to the mass transfer coefficients used in this paper. All these quantities and as a consequence the resistances are calculated for a liquid and a vapor in coexistence at the temperature T and the chemical potential difference µ 12 ≡ µ 1 − µ 2 of the surface, see [35, p. 180 ] in this context.
IV. NON-EQUILIBRIUM CONTINUOUS SOLUTION
Assume we have the numerical solution for a particular non-equilibrium stationary state. That is we know all the fluxes J g and forces X g used in Eq. (II.10): the constant fluxes are obtained directly from the non-equilibrium solution and the extrapolated bulk profiles are obtained using the procedure described in [37] . We now consider the following problem: to determine the transport coefficients for the whole surface having the non-equilibrium solution. This problem is, in a way, inverse to the common one, where one knows the resistances and, say, forces, and needs to determine the fluxes. As one can see, Eq. (II.8) has 9 unknown resistances 3 and only 3 equations. It is therefore not possible to determine all the transport coefficients uniquely having only one stationary state solution. In order to incorporate more equations we need to consider other non-equilibrium stationary solutions which are independent of the previous. An important observation should be made here.
In [37] we have verified the validity of the hypothesis of local equilibrium of the surface. This implies, that the resistance matrix R g is a function of thermodynamic parameters, say the temperature T and the chemical potential difference µ 12 , of the surface:
. In [37] we saw, that the temperature of the surface and the chemical potential difference of the surface depend on both, the equilibrium temperature and the chemical potential difference, as well as on the size of the perturbation. Let ß indicate the size of a non-equilibrium perturbation 4 , so that
. In order to be able to use several independent perturbations as a source for the resistance coefficients, we must ensure that for all perturbations the temperature of the surface and the chemical potential of the surface are the same. The simplest way to ensure this is to assume that T s ≈ T eq and µ s 12 ≈ µ 12, eq . As is clear from Eq. (IV.1), this can be considered true if the perturbation rate ß is small enough. As we decrease ß, the accuracy of this assumption increases and in the limit ß → 0 it becomes exact. It follows that
In practice there exists a particular size ß eq of a perturbation, such that for all ß < ß eq , T s ≈ T eq and µ s 12 ≈ µ 12, eq with a satisfactory accuracy.
One should also note that the accuracy of a particular numerical procedure may impose a lower bound for the size of the the perturbation ß as well. All the non-equilibrium profiles and therefore forces and fluxes are calculated by solving the system of differential equations numerically with some particular accuracy. If a perturbation rate ß is lower then this accuracy, say ß num , then the data obtained from the numerical procedure are not reliable. We may therefore use Eq. (II.10) only if the perturbation rate ß is in the range ß num < ß < ß eq . The boundaries of this range should be established empirically.
We determine the transport coefficients from two different methods: a "perturbation cell" method 5 and an experimental-like procedure. For ease of notation we will suppress the superscript g in the rest of this section, as the procedure is the same for vapor and liquid interfacial resistances.
A. Perturbation cell
Consider a stationary state which is perturbed from equilibrium by setting the temperature of the liquid 6 T (x ℓ ) = (1 + β T )T eq , the pressure of the gas p(x g ) = (1 + β p )p eq and the mole fraction of the liquid
independently. The resulting non-equilibrium state is therefore a function of the parameters β:
where X, J and R are given by Eq. (II.9). Consider the following set of 8 independent non-equilibrium perturbations:
Consider now the 3×8 matrices X and J which contain 8 column vectors X and J respectively for each non-equilibrium perturbation specified above. For these perturbations X = X(β) and J = J(β) are functions only of one parameter β. It follows from Eq. (IV.4) that
where β should be in the appropriate range, as discussed above. In Appendix [A] we discuss the method to obtain this range. From Eq. (IV.5) we obtain
where superscript T means the matrix transpose and −1 means the inverted matrix. We note, that in order to obtain the resistance matrix R uniquely, it is sufficient in principle to impose any 3 nonequilibrium perturbations which have sufficiently small perturbation parameters β T , β p and β ζ . This would give us 3 × 3 = 9 independent equations. The method presented above makes the resistance matrix converge to R(T eq , µ 12, eq ) as fast as β 2 goes to zero, however. This is achieved by using 8 symmetric perturbations at the "corners" of a three-dimensional "perturbation cell", so changing β to −β does not change the "perturbation cell" and the resulting R.
Because of using 8 perturbations instead of 3, there are 5 superfluous perturbations which make the system of equations (IV.5) to be overdetermined. Contracting both sides of Eq. (IV.5) with J T we actually average all the perturbations which are spread around T eq and µ 12, eq in the least square sense. As the components of J matrix are linearly independent, this guaranteers the matrix J · J T to be invertible. Thus, the inverse matrix (J · J T ) −1 exists and Eq. (IV.6) is mathematically legitimate. In the numerical procedure the expression on the right hand side of Eq. (IV.6) is obtained using Matlab matrix division /.
B. Experiment-like procedure
In experiments it is convenient to measure the corresponding coefficients by keeping zero mass fluxes through the system. It is also convenient to work with the total mass flux J m = J ξ1 + J ξ2 and the flux of one of the components J ξ ≡ J ξ1 , rather then with fluxes of each component separately 7 , J ξ1 and J ξ2 . The excess entropy production Eq. (II.6) can be therefore written as
where X ξ ≡ X 1 − X 2 and X m ≡ X 2 . The resulting force-flux relations (II.10) have the following terms
where the resistances for different force definitions are related as 
Consider a stationary state which is perturbed from equilibrium by setting the temperature of the liquid T (x ℓ ) = (1 + β)T eq . The perturbation parameter β is a small number. The second perturbation constraint we impose is either J ξ = 0 or ζ ℓ (x ℓ ) = ζ ℓ eq and we introduce the perturbation parameter ν ξ which is 0 in the former case and 1 in the latter one, which will be used as a subscript. The third perturbation condition is either J m = 0 or p(x g ) = p eq and the corresponding perturbation parameter ν m is 0 or 1 respectively, which will be used as a subscript. The resulting non-equilibrium state is therefore a function of 3 parameters:
where X, J and R are given by Eq. (IV.8).
Consider the following set of 3 independent non-equilibrium perturbations:
X 00 (β) = R(T eq , µ 12, eq )·J 00 (β) X 10 (β) = R(T eq , µ 12, eq )·J 10 (β) X 11 (β) = R(T eq , µ 12, eq )·J 11 (β) (IV.11)
Further on for simplicity we will suppress arguments β and (T eq , µ 12, eq ). From the first of Eq. (IV.11) we find
From the second of Eq. (IV.11) we find
The values X 10 and J 10 are found directly from the calculations and the values of R, R ξq and R mq are those which are found in Eq. (IV.12a), given that the perturbation rate β is small enough. From the third of Eq. (IV.11) we find
Again, all the quantities on the right hand side of Eq. (IV.12c) are known and we therefore can find the remaining resistivities.
V. INTEGRAL RELATIONS
In [36] we have established the general approach to derive integral relations between the surface resistances and local resistivity profiles. In this section we apply it to find the relations between the resistances R used in Eq. (II.10) and Eq. (II.9) and local resistivities r. Using the method described in [36] we find
where the operator E is defined as
where φ g and φ ℓ are extrapolated from the gas and liquid respectively profiles of φ, while x g,s and x ℓ,s are the surface boundaries.
This method requires the equilibrium profiles for the enthalpy h(x) and the mass fraction ξ(x) across the interface. Both of them could be easily obtained from the equilibrium square gradient model, see [37] for details. In contrast to the methods in Sec. [IV] , this requires calculating only the equilibrium profiles, but not the non-equilibrium ones, which is a much easier calculation.
The integral relations also require the local resistivity profiles r(x), r q1 (x), and r 11 (x) across the interface, which were modeled in the square gradient theory as
where q 0 (x) and q 1 (x) are modulatory curves for resistivity profiles which depend only on density profiles and their first derivatives. We refer for the details to [37] . q 0 (x) is a smooth arctan-like function which changes its value from 0 to 1 within the range [x g,s ; x ℓ,s ] and q 1 (x) is zero on the boundaries of the [x g,s ; x ℓ,s ] interval and has a peak proportional to the square gradient of the density inside this interval. Thus, the first two terms in each expression for the resistivity represents a smooth transitions from the gas bulk resistivity to the liquid bulk resistivity, while the third term represents a peak in the resistivity proportional to the square gradient of the density. For each resistivity profile r g and r ℓ are the equilibrium coexistence resistivities of the gas and liquid phase respectively. They are related to the measurable transport coefficients such as heat conductivity, the diffusion coefficient and the Soret coefficient.
The square gradient model used 3 adjustable parameters α, α q1 , α 11 which control the size of the peak in the resistivity profiles in the interfacial region. The interfacial resistance coefficients R will therefore depend on these coefficients, R = R(α, α q1 , α 11 ), which we will investigate.
VI. RESULTS
We consider a binary mixture of cyclohexane and n-hexane, as we did in [37] . We find in Appendix [A] that β = 2 ·10 −4 is an optimum perturbation rate both in the "perturbation cell" and "experimental-like" methods, see Sec.
[IV]. We have verified that both these methods lead to essentially the same values of the resistance coefficients. The numbers given below are taken from the "perturbation cell" method.
Furthermore in Appendix [B], we find the range of adjustable amplitudes α, α 1q and α 11 , for which the description is thermodynamically consistent. We find that α∼ 10, α 11 ∼ 1. The value of α 1q is found to be irrelevant.
In this section we suppress the superscript g for the resistances for ease of notation.
A. Comparison to kinetic theory
In this subsection we investigate the values of parameters α, α 1q , α 11 which makes the coefficients agree with the kinetic theory coefficients. We do it for β = 2e-4 as this perturbation rate gives the most accurate results. Furthermore we use the temperature T eq = 330 K and chemical potential difference µ 12, eq = 700 J/mol. The values of parameters, used for kinetic theory are the same, as we use in our calculations. Particularly, the heat conductivities are λ 1 = 0.0140 W/(m K) and λ 2 = 0.0157 W/(m K), M 1 = 84.162 g/mol and M 2 = 86.178 g/mol.
We found that a variation of α 1q from 0 to 10 makes the diagonal coefficients vary about 1 % and the cross coefficients vary not more then 5 %. As the variation of α 1q is quite substantial, the variation in the coefficients which it induces is negligible. We therefore take α 1q = 0 in all further analysis.
Let us use subscript pc for the resistivity matrix obtained from the "perturbation cell" method and subscript kin for the resistivity matrix obtained from kinetic theory. For the above parameters R qq,pc = 2.96792 × 10 −11
. We found that R qq,kin is practically independent on α 11 while it depends linearly on α, see Fig. [1] . One can see from the plot, that they are the same for α≈ 9. Dependence of R11, pc and R22, pc on α11 (dots, bottom axes) and R 11, kin and R 22, kin on σ1 and σ2 (curve, top axes), respectively. Data are obtained at Teq = 330 and µ12, eq = 700 for αqq = 9 and α1q = 0.
The diagonal coefficients R 11,pc and R 22,pc depend both on αand α 11 . Since we have found the value of αalready, we will further investigate the dependence of R 11,pc and R 22,pc using this value of αand varying only α 11 . The diagonal coefficients R 11,kin and R 22,kin depend, in their turn, on the condensation coefficients σ 1 and σ 2 respectively. We plot this dependence in the same plot with the dependency of R ii,pc (i = 1; 2) on α 11 , see Fig. [2] . The dependence of R ii,pc on α 11 is given by the dotted line with the values of α 11 drawn on the bottom x-axes. The dependence of R ii,kin on σ i is given by the solid line with the values σ i drawn on the top x-axes.
Consider a particular value R ii, 0 of the diagonal coefficient R ii , where i is either 1 or 2, which is indicated by a horizontal dashed line on a figure. To find the value of α 11 for which R ii,pc = R ii, 0 we draw a perpendicular from the point where it crosses the dotted line to the bottom axes. To find the value of σ i for which R ii,kin = R ii, 0 we draw a perpendicular from the point where the horizontal dashed line crosses the solid line to the top axes. For instance, the value R 22, 0 = 1.1 corresponds to α 11 = 3 and σ 2 = 0.62. The value α 11 = 3, in its turn, gives R 11, 0 = 1.1 which corresponds to σ 1 = 0.54.
One may start by specifying α 11 , rather then R ii, 0 , to find σ 1 and σ 2 . Then we draw a perpendicular from the bottom axes until it crosses the dotted line, which gives the value of R ii,pc . Given the value of R ii,kin to be the same, we find the value of σ i as described above. For the above example α 11 = 3 corresponds to σ 1 = 0.54 and σ 2 = 0.62. We see, that we may not specify both σ 1 and σ 2 independently: they must have the values which both correspond to the same α 11 . For similar components, like those we are interested in, σ 1 and σ 2 should not differ much from each other, and therefore α 11 , a coefficient which is related to the diffusion of one component through the other, should reflect this difference.
Having the diagonal coefficient mapped we have the parameters αand α 11 defined uniquely (and taking into account that α 1q has negligible effect), as well as σ 1 and σ 2 for kinetic theory. We now compare the values of the cross coefficients given by "perturbation cell" method and kinetic theory. The domain of T and µ 12 is not big, so the dependence on them is linear, as expected.
C. Validity of integral relations
We compare the resistances found from numerical procedure to the values obtained from Eq. (V.1). The relative difference between them is almost the same within the range of temperatures and chemical potential differences considered: T = {325, · · · , 335} and µ 12 = {400, · · · , 1000}. In Table [II] we give the relative errors for the resistances both for the case that we use the measurable heat fluxes on the vapor and on the liquid side. We refer to [35] for details of the definition of the resistances using the measurable heat flux on the liquid side.
TABLE II: Relative error in percent between the gas-and liquid-side coefficients obtained by "perturbation cell" and "integral relations" methods at Teq = 330 and µ12, eq = 700 for β = 0.0002 and αqq = 9, α1q = 0, α11 = 3 . The relative differences are not more then a few promille. It is larger only for R ℓ 12 which is discussed below.
VII. DISCUSSION AND CONCLUSIONS
In this paper we have studied stationary transport of heat and mass through the liquid-vapor interface in a mixture. We used the expression for the excess entropy production of a surface derived from the continuous description [36] , which is identical to the one derived directly for the discrete description using the property of local equilibrium [35] . This makes it possible to give the linear force-flux relations for this case. These relations involve the interfacial resistances, which were the main focus of interest in this paper. Given the numerical solutions of the non-equilibrium square gradient model we were able to calculate these coefficients directly for a two-component mixture. Furthermore, we calculated these coefficients using integral relations, derived in [36] . This gives an independent way to determine the interfacial resistances.
The main input parameters of the model are the local resistivity profiles used to calculate the continuous solution. There is not much theoretical information about the numerical value of these resistivities. In the vapor phase one can use kinetic theory. In the liquid phase it is most appropriate to use experimental values. There is no experimental information about the local resistivities in the interfacial region. As the local resistivities change in the surface from one bulk value to the other, it is natural to assume that they contain a contribution similar to the profile of the order parameter. There is also evidence from molecular dynamics simulations for one-component systems [38] that there is a peak in the local resistivity in the surface. As we are in the framework of the gradient theory, it is naturally to assume that such peaks are caused by a square gradient term, which is similar to the gradient contribution to the Helmholtz energy density in the interfacial region, namely |∇ρ| 2 . The amplitudes of these peaks are not given by any theory and were used as parameters. We therefore get that the three local resistivities for a two-component mixture have the form given in Eq. (V.3). Thus we get three adjustable amplitudes, α, α 1q and α 11 , two of which were found to contribute significantly to the value of the transfer coefficients.
In order to determine the typical values of the α's we need to compare our results with independently obtained resistivities. Unfortunately, not much experimental data are available for multi-component resistivities and, to the best of our knowledge, no data are available for our system. Furthermore, no molecular dynamic simulations of these properties are available for mixtures. The only available source of comparison is kinetic theory, which gives the expressions for the interfacial resistivities or transfer coefficients given in Eq. (III.2). We therefore compare our results to kinetic theory. Having three adjustable parameters in the gradient theory, α, α 1q and α 11 , and two adjustable parameters in kinetic theory, the condensation parameters σ 1 and σ 2 , we are able to match three diagonal coefficients R, R 11 and R 22 . We found that Rdoes not really depend on α 1q and α 11 . This makes it possible to fit αusing Ralone. For the values of the temperature and chemical potentials considered this gave α≃ 9. We furthermore found that the interfacial resistivities did not really depend on α 1q . We therefore took this amplitude equal to zero. In kinetic theory R 11 and R 22 depend on the condensation coefficients σ 1 and σ 2 , respectively. Choosing α 11 = 3 gives values for the condensation coefficients of 0.54 and 0.62. As the components considered are very similar it is to be expected that these coefficients are close to each other. The values of α's obtained from the matching are such that the excess entropy production of the surface is positive, the second law is obeyed and the Onsager relations are valid. Having found the values of the α's from the diagonal transfer coefficients the values of the cross coefficients follow.
We found that the values of the cross coefficients, obtained by our method are an order of magnitude larger than those found from kinetic theory. This confirms results from molecular dynamics simulations [29] for a one-component system, where it was found that increasing the range of the attractive potential increased in particular the cross coefficients substantially above the values predicted by kinetic theory. This is an interesting result, indicating that kinetic theory underestimates the transfer coefficients for real fluids. This also indicates, that the effect of coupling will be important in the interfacial region. Experiments also confirm the importance of the cross coefficients [23, 24] .
The effect of cross coefficients can be related to the measurable quantities, such as measurable heat of transfer q * i ≡ −R qi /R. This quantity can be associated both with gas and liquid phases in accordance to the corresponding heat fluxes. The difference q * ,g i
) is equal to the difference of partial enthalpies between gas and liquid in equilibrium 9 . This quantity is substantial, which implies that q * ,g i − q * ,ℓ i is also substantial. This, in turn, makes the difference between the cross coefficients on the vapor and the liquid side 9 We note that R g= R ℓ≡ Rqq.
substantial. This gives a theoretical ground for the importance of coupling in the interfacial region. Experiments [23, 24] confirm the size and importance of the heat of transfer on the vapor side. We did the comparison for one value of the temperature and chemical potential only. If one extends the analysis to a larger domain, one finds that the α's depend on the temperature and the chemical potential difference; we refer to [34] in this context. The results of kinetic theory [30] [31] [32] [33] and molecular dynamics [28] both support the existence of a peak in the diagonal local resistivities and therefore the use of finite values for αand α 11 .
Furthermore, it was found, that the data obtained directly from non-equilibrium numerical solution agree with the ones obtained using integral relations, as is expected. This gives an alternative and easier way to determine non-equilibrium properties of the interfacial region, needing only equilibrium information about the system. In fact, as we speak of linear non-equilibrium thermodynamics, this is the way it should be. The interfacial resistances are determined from equilibrium properties, just like Green-Kubo relations involve only equilibrium information in order to determine the transport coefficients.
Appendix A: Determining an optimal perturbation rate
The value of the resistance R(T eq , µ 12, eq ) does not depend on the perturbation, given the perturbation is small enough. However, the magnitude ß of the perturbation which may be considered sufficiently small, has to be determined empirically. This would require considering perturbations where ß is beyond the appropriate range and will make the empirical resistances R(T eq , µ 12, eq ) to be dependent on ß.
In order to determine the appropriate range of perturbations, that is when ß is small enough to consider them linear, and at the same time, large enough, to not interfere with the accuracy of the numerical solution, we check the obtained resistances for the thermodynamic consistency. We have the following constraints, which they must obey for each T and µ 12 :
-i) the cross coefficients of each R matrix must satisfy Onsager relations; -ii) the second law consistency; -iii) coefficients obtained on the gas and the liquid side of the surface must be related; We will use the first condition to determine the range of ß, while the two remaining will be used for the verification of the results obtained in the paper.
Onsager reciprocal relations
As shown by Onsager [39] , the cross coefficients must be the same. We therefore have R qi = R iq and R ji = R ij . We calculate the coefficients at the values of equilibrium temperature and chemical potential difference T eq = 330 K and µ 12, eq = 700 J/mol for different values of the adjustable amplitudes α, α 1q , and α 11 .
In Tables [III-IV] we give the relative error in percent for the gas-side cross coefficients |(R Relative error in percent for gas-side cross-coefficients obtained by "perturbation cell" method at Teq = 330 and µ12, eq = 700 for different β and for αqq = 0, α1q = 0, α11 = 0. As one can see, β = 0.02 is really an extreme perturbation and the difference is rather large. When we decrease β to 2e-4 the differences become small. As we further decrease β to 2e-6 the inaccuracy of the numerical solution become comparable to the size of the perturbation. We conclude that the values for β to 2e-4 are closest to the converged values and use them as such.
In Tables [V-VI] we give the same data for the higher continuous resistivities with rather substantial peak, when α= 10, α 1q = 10 and α 11 = 10. As one can see, the Onsager relations are fulfilled there again best for β = 2e-4 We may notice that the behavior of the resistivities with respect to β is independent on the behavior of the resistivities with respect to α, α 1q and α 11 . This is natural, as these parameters control the different aspects of the system: β controls the perturbation rate, while α's are adjustable parameters, which control the size of the peak in the continuous resistivities.
Appendix B: Consistency of the non-equilibrium solution
Second law consistency
In this subsection we investigate the values of parameters α, α 1q , α 11 for which the second law of thermodynamics is fulfilled. That is that the excess entropy production is positive and therefore the matrix of the resistivity coefficients is positive definite. This requires that the diagonal coefficients are positive and for each pair q1, q2 and 12 of the cross coefficients the expression
must be positive.
In Table [VII] we give the diagonal coefficients and expression (B.4) for each pair of the cross coefficients as a function of αfor α 1q = 0, α 11 = 0 and β = 2e-4 obtained by the "perturbation cell" method. In Tables [VIII-IX] we give the same quantities for other choices of α. We see, that the required quantities become positive for rather big values of α. They almost do not depend on the value of α 1q and they are positive for moderate values of parameter α 11 . It is clear that finite values of αand α 11 are needed to have a positive excess entropy production.
All the above quantities almost do not depend on the value of β in the range [1e-5, 1e-3]. The "experimental-like" procedure leads to almost the same values of all the quantities. The liquid-side coefficients reveal a similar behavior.
Gas-and liquid-coefficients
One can use the measurable flux J ′ q extrapolated from the liquid side of the surface, rather then from the gas side, using Eq. (II.2). In this case one should use not the enthalpy of the gas bulk h g , but enthalpy of the liquid bulk h Identifying the forces and fluxes and writing the linear force-flux relations for the measurable heat flux on the liquid side, one introduces the interfacial resistances measured on the liquid side in the same way as it was done in Sec. [II] for the interfacial resistances measured on the gas side. These resistances are related as follows These coefficients can be calculated independently from a non-equilibrium numerical solution. Given that, the validity of Eq. (B.3) would indicate the internal consistency of the model. In this subsection we verify these relations.
In Table [X] we give the relative error in percent between the left hand side and the right hand side of Eq. (B.3). 11 . The "experimental-like" procedure leads to almost the same results.
Integral relations
For two component mixture the force-flux equations have a form
The left hand side of each equation must be equal to the right hand side. The difference therefore reflects the error. We give the relative error between the left an the right hand side of Eq. (B.4) in percent in Table [XI] . As a testing perturbation we used one of those used in the perturbation cell method. Again, the relative difference is not more then a few promille. Given that this is the case even for a few percent difference in one of the coefficients, we may conclude that the values of the forces are insensitive to the precise value of this resistivity coefficient. This also indicates that the value of this coefficient obtained in [40] has a 6% error. This does not necessarily affect, however, the accuracy of the integral relations.
